INTRODUCTION
Polycyclic aromatic hydrocarbons (PAHs) are important environmental pollutants to which humans are largely exposed. Besides their well-known carcinogenic effects, PAHs also induce apoptosis in different cell types, for example, hepatic cells. 1, 2 Although activation of p53 plays a primordial role in this apoptosis, permissive pathways might also occur; indeed, we have recently evidenced a parallel activation of Na + /H + exchanger (NHE1) with consequences on apoptosis occurrence. 1 Such an activation might result from changes in membrane characteristics, especially as PAHs are highly lipophilic molecules capable of interacting with biological membranes. 3 Increases in membrane fluidity can be involved in apoptosis, since inhibition of membrane fluidization has been shown to be protective in different apoptotic models. 4 An important role for reactive oxygen species (ROS) production has also been demonstrated in cell death induced by various chemicals. 5 As we recently demonstrated strong interactions between changes in membrane fluidity and ROS production in hepatocytes exposed to ethanol 4 and as PAHs induce ROS production, 1 we wanted to test here the possible involvement of membrane fluidity changes in B[a]P-induced apoptosis.
MATERIALS AND METHODS
Rat hepatic F258 epithelial cells were cultured and treated as previously described. 1 Membrane fluidity was measured either by quantification of the polarization fluorescent ratio of 1,6-diphenyl-1,3,5-hexatriene (DPH, 5 M) or by analysis of electron paramagnetic resonance of 12-doxyl stearic acid (12-DSA, 50 g/mL) spin label.
Apoptosis was evaluated either by Hoechst 33342 staining of chromatin or measurement of caspase 3/7 activity, and the intracellular pH (pH i ) was monitored by microspectrofluorimetry using the pH-sensitive fluorescent probe, carboxy-SNARF-1. 1 Iron uptake was measured from cell lysates following a 6-h incubation with [
55 Fe]-iron chloride (10 mM) performed during the late hours of each cell treatment. Lipid peroxidation was measured using the fluoroprobe C 11 -BODIPY 581/591 (10 M).
4

RESULTS AND DISCUSSION
Using the fluorescence polarization technique and DPH, we first demonstrated that B[a]P (50 nM) induces a significant increase in bulk membrane fluidity following 48 h of exposure, as pointed out by the decrease of polarization ratio (FIG. 1A) . Under our experimental conditions, we have previously found that B[a]P is metabolized by cytochromes of the CYP1 family within the first 24 h, indicating that B[a]P has already entered the cells through the plasma membrane at this time. We showed here that the B[a]Pinduced membrane fluidization remained undetectable after a 24-h treatment, thus suggesting an indirect action of B[a]P on the membrane's physical state. After a 72-h treatment, an increase in fluidity was still detected. This latter result further reinforces the idea that a direct interaction of B[a]P with plasma membrane was likely not responsible for this sustained increase of membrane fluidity.
As we previously demonstrated that the transmembrane protein NHE1 was involved in our model of apoptosis, we then tested the possible involvement of this exchanger in the B[a]P-induced increase of membrane fluidity. Using cariporide (30 M) to inhibit NHE1 activation observed at 48 h, 1 we then showed that the B[a]P-induced change in fluidity was partly related to this transporter, as pointed out by the absence of a significant decrease of the membrane order parameter estimated using 12-DSA and RPE (FIG. 1B) . Exogenous application of cholesterol (30 g/mL), a well-known membrane stabilizer, was then used to test the involvement of membrane fluidization in B[a]P-induced apoptosis. Our data demonstrated that cotreatment with this compound, besides inhibiting any membrane fluidization (FIG. 1B) , significantly reduced apoptosis, as evidenced by a decrease of cell population exhibiting nuclear fragmentation (FIG. 2A) and of caspase 3/7 activity (FIG. 2B) . The inhibition by ∼30% of B[a]P-induced apoptosis by cholesterol was in the range of inhibitions observed when the permissive apoptotic pathway relying upon NHE1 activation was targeted. 1 In order to find out which event in the B[a]P-induced apoptotic cascade was related to membrane fluidization, we decided to test the effects of exogenous cholesterol application on the apoptosis-related intracellular acidification and the oxidative stress previously shown to be associated with B[a]P-induced apoptosis. Our results clearly demonstrated that cotreatment of F258 cells with cholesterol led to a significant reduction of B[a]P-induced acidification ( pH i = -0.08 ± 0.04 [+ cholesterol] vs. pH i = -0.17 ± 0.04 pH units [-cholesterol] , n = 10, P < 0.01, t-test), thus suggesting an inhibition of B[a]P-induced mitochondrial damages; indeed, the observed acidification has been shown to be due to mitochondrial dysfunction. 1 We then focused on the possible involvement of membrane fluidization in B[a]P-induced oxidative stress. To do so, oxidative stress was evaluated by measuring lipid peroxidation. As shown in FIGURE 2C, cholesterol treatment remained ineffective on B[a]P-induced lipid peroxidation. On the basis of our recent observation showing that ethanol-induced membrane fluidization enhanced oxidative stress in rat hepatocytes via interactions with iron metabolism 4 and knowing that iron was involved in caspase 3/7 activation in our model (unpublished data), we finally investigated the possible action of cholesterol on B[a]P-elicited iron uptake. Analyzing 55 Fe uptake under our experimental conditions, we showed that the protective effect of cholesterol was likely through an inhibition of B[a]P-induced iron uptake (FIG. 2D) . Altogether, our results indicate that cholesterol might reduce B[a]P-induced apoptosis by inhibiting both iron uptake and mitochondria-dependent acidification, thereby possibly interfering with caspase 3/7 activation.
In conclusion, this work suggests a role for NHE1 activation in B[a]Pinduced membrane fluidization and an involvement of fluidization in the early events of B[a]P-induced apoptotic cascade. This, along with our previous work, 4 also points to a role for membrane fluidization in chemically induced cell death likely through interactions with iron transport.
